G
reater experience among primary care physicians in the care of persons with AIDS improves survival. 1 Patients of more experienced physicians have been shown to be more likely to receive appropriate and timely prophylaxis against Pneumocystis carinii pneumonia (PCP) and measurement of CD4 cell count level. 1 While the survival benefit of PCP prophylaxis is clear, 2, 3 it is not known whether more frequent CD4 cell count monitoring results from closer outpatient follow-up by more experienced physicians and if such differences in the delivery of medical care account for the improvement in patient outcomes.
The provision of medical care for persons with HIV infection in the United States shifted from inpatient to outpatient setting early in the epidemic. 4, 5 Ambulatory care largely supplanted rather than simply augmented hospital care for patients with HIV disease, 6 a pattern now common among patients with other chronic conditions. Thus, the delivery of care to patients in the ambulatory setting may significantly impact clinical outcomes. Evidence supports the health advantages of continuous primary care provided to patients with chronic disease. 7±21 Successful interventions that improve outcomes for chronically ill patients emphasize regularly scheduled primary care and ready access to ancillary services and specialty expertise.
12±21
While clinical information regarding inpatient care is routinely captured in hospital administrative billing systems, outpatient care is often provided in multiple settings over many years. Thus, longitudinal information about treatment and outcomes for individual patients is difficult to characterize. 6 Estimates of the overall cost and utilization of inpatient and outpatient services for persons with HIV disease have been projected from patient interviews, medical chart review, and claims data. 5 ,22±27 However, examination of the effect of medical care delivery on outcomes has been limited to studies of hospital care and in-hospital mortality. 28±32 This study was conducted to determine whether physician experience level is associated with differences in the delivery of medical services across all settings of care, and if patterns of delivery, such as the frequency of primary care visits, affect patient outcomes.
METHODS

Study Setting
The study cohort was selected from the enrollee population of Group Health Cooperative of Puget Sound (GHC), Seattle, Washington. GHC is a staff-model HMO that provides comprehensive medical care for a fixed, prepaid fee to approximately 500,000 individuals in western Washington, the majority of whom have their premiums paid by their employers. Primary care physicians manage both the outpatient and inpatient care for defined groups of patients. Referrals for specialty consultation and ancillary services are at the discretion of the primary care physician to support the overall management of care, and there are no financial incentives to limit referrals or hospitalizations. The care of HIVinfected individuals is distributed among all primary care physicians in this generalist-based model of care. Insurance coverage for patients with AIDS is maintained through several financial arrangements that extend beyond the end of their employment; as a result, less than 3 percent of these patients leave GHC for reasons other than death.
Study Patients
We identified all patients enrolled at GHC in whom first AIDS-defining illnesses were diagnosed from 1984 through mid-1994 using entry criteria described previously.
1 Four patients were excluded because their primary care physician changed within a year prior to their diagnosis of AIDS or thereafter, and 3 were excluded because their primary care physician had subspecialty training. Of these 403 adult male patients, 197 were enrolled after January 1990, when utilization data were first automated in the GHC system and included in the analysis. Review of medical records enabled criteria for AIDS-defining diagnoses to be applied to all cases consistently. All patients had serologically confirmed HIV infection and were men who had male sexual contact as a risk factor for HIV transmission. We identified all HIV-infected patients enrolled at GHC who received care in 1996 and 1999; these patients were included in the analysis of medical care utilization during these time periods.
Study Physicians
Eighty-three physicians provided primary care for the 197 patients with AIDS; 87% of these physicians were trained in family medicine or general practice, and 13% in internal medicine. We defined physicians' level of experience with AIDS care accounting for medical school, residency, and practice experience with AIDS care. 1 Estimates for medical school and residency experience were developed from the AIDS incidence rates in the metropolitan area where physicians trained and the year training was completed. Practice experience was defined as the cumulative number of patients with AIDS whose care a physician had managed at the time a patient in the physician's practice was diagnosed with AIDS; the new patient was included in this total. As each patient entered the cohort, he was identified as his physician's first, second to fifth, or sixth or subsequent patient with AIDS. Some physicians graduated from lower to higher experience categories during the study period as they accumulated patients with AIDS. Therefore, a physician may have been assigned to different experience categories for patients diagnosed in her/his practice at different times. Medical school experience was redundant with residency experience for the physicians in our study. Thus, we combined residency and practice experience to define 3 levels of physician experience with AIDS care: least, moderate, and most. By the end of the study period, 25% of physicians remained in the least experienced category, 49% acquired moderate experience, and 25% had acquired the most experience. Individual physicians cared for a total of 1 to 21 patients with AIDS.
Sources of Data
We obtained information on the patients in the study, including demographic data, AIDS-defining diagnosis and date of diagnosis, risk factors for HIV transmission, and date on which care from GHC ended (because of death or transfer from the HMO) from the GHC HIV/AIDS Surveillance Database. Dates of death were confirmed by cross matching with the Washington State vital records. Personnel records provided information on the study physicians. We obtained health care utilization and cost data from the Decision Support System (DSS), implemented at GHC in 1989 to provide standardized data for all health care provided to members. Systematic verification of DSS data is performed both internally and through independent audits.
Statistical Analysis
Physician Experience Level and Medical Care Utilization. We used a generalized estimating equation (GEE) approach to logistic regression to examine the probability of utilizing medical services in a given month (including a primary care visit, a specialty care visit, a home health/hospice care visit, or a hospitalization) controlling for correlation between individual observations. 33, 34 In our data, correlation between individual observations could arise from 2 sources Ð observations on individuals with the same physician and repeated observations of the same individual. The GEE methodology developed by Heagerty and Zeger 33 allowed us to account for 2 sources of correlation simultaneously. This analysis indicated that within-patient correlation was significant and declined smoothly with increasing time between the observations. However, there was no significant correlation between observations for individuals with the same physician; thus, only within-patient correlations were included in the final analysis. Previous studies have shown that utilization of services and costs of care among patients with AIDS are significantly higher at the end of life, 35±37 and are probably higher immediately after the diagnosis of a clinical AIDS-defining illness. To control for potential confounding by time period of care, we included a variable in the analysis to distinguish the AIDS diagnosis period (3-month period immediately following the diagnosis of a patient's AIDS-defining illness) and the end-of-life period (3-month period prior to death) from the interim period (time between AIDS diagnosis and end of life). Severity of illness at study entry was determined by the severity of AIDS-defining illness, 38 To assess both the volume and intensity of medical services provided (i.e., a single computed tomography scan is more intensive and thus, more costly than a plain radiograph), we computed the mean monthly cost per patient of medical services by physician experience level for the cohort of AIDS patients and for the total population of HIV-infected patients receiving care in the study setting in 1996 and 1999. Because cost data were not normally distributed, the 95% confidence intervals for the means and P values for differences within means were calculated using bootstrap procedures. 39 Costs were inflated to 1999
dollars. We used S-PLUS software (MathSoft, Inc., Seattle, Wash) to perform the GEE logistic regression analysis and the analysis of cost data.
Medical Care Utilization and Survival. We used KaplanMeier product-limit survival analysis to estimate median survival times overall and by physician experience level. 40 Adjusted hazard ratios (HRs) of death according to physician experience category, the severity of AIDSdefining illness, the CD4 cell count category, the rates of primary care and specialty care visits, hospitalization, and use of pharmacy, laboratory, and radiology services were estimated with Cox proportional-hazards survival analysis. 41, 42 We required that patients have at least 4 months of medical service utilization; 18 patients who did not meet this criterion because they died or were rightcensored were omitted from the analysis (N = 179). Like other models of utilization, ours assumed that primary care visits must be sufficiently frequent to be high in continuity. 9, 11, 12, 18, 43 Infrequent primary care visits reflect a less than optimal pattern of care for patients at advanced stages of HIV disease with clinical AIDS. To examine the effect of primary care utilization on survival, we categorized the frequency of primary care visits into 2 levels (infrequent and more frequent) 7, 12 as shown in Figure 1 . Interaction terms captured the joint effect of primary care visit frequency and physician experience level. Hospital/hospice utilization was significantly associated with higher risk of death in exploratory analyses and was included in the model to account for increased disease severity during the study period. Measures of specialty care and ancillary service use were collinear with hospital/ hospice utilization and thus omitted from the final survival analysis. We used SAS software (SAS Institute, Inc., Cary, NC) to perform the Kaplan-Meier survival analysis and Cox proportional-hazards analysis. Two-tailed P values of .05 or less were considered to indicate significance in all statistical tests.
RESULTS
The majority of the study patients were white (91%), and approximately half of the cohort (46%) was between 30 and 39 years of age at study entry (Table 1) . After controlling for severity of illness and period of care, patients of the least and moderately experienced physicians were half as likely to receive a primary care visit in a given month than patients cared for by the most experienced physicians (adjusted odds ratio [OR] 0.50, P = .002; OR 0.54, P < .001, respectively; Table 2 ). The odds of having a primary care visit were also significantly higher among patients with CD4 cell count <50/mm 3 (OR 2.21, P < .001) and during the period immediately after the diagnosis of clinical AIDS compared with the interim period of care (OR 2.21, P < .001). Patients cared for by physicians with moderate and the most experience were significantly more likely to receive a specialty care visit compared with patients of the least experienced physicians (OR 1.79, P = .02; OR 1.66, P = .04, respectively). Specialty care included consultation with physicians specializing in Patients classified with very high, high, and moderate disease severity had a relative risk of death of 9.1, 2.9, (P < .0001), and 1.6 (P < .07), respectively, compared with patients with low disease severity. (B) Classification of primary care utilization by disease severity. We assumed that patients with very high disease severity would receive at least 1 primary care visit a month, while patients with low disease severity would have at least 1 visit every 2 months. This corresponded to the lower quintile of average monthly visits within each disease severity category and was classified as infrequent primary care.
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infectious diseases, hematology/oncology, gastroenterology, and pulmonology. Patients of physicians with the least and moderate experience had lower odds of hospitalization in a given month than patients of the most experienced physicians (OR 0.53, P = .01; OR 0.69, P = .04, respectively). There were no significant differences in length of hospital stay by physician experience level (data not shown). As expected, factors associated with higher odds of a patient receiving a hospice/home health visit included CD4 cell count <50/mm 3 (OR 4.14, P < .001), high severity of AIDSdefining illness (OR 2.52, P = .002), increasing number of months since the diagnosis of AIDS (OR 1.04, P < .001), and the end-of-life period of care (OR 3.12, P < .001).
After controlling for other factors, patients of the least and moderately experienced physicians were significantly more likely to receive no primary or specialty care visits or hospitalizations in a given month compared with patients of the most experienced physicians (OR 2.46, P < .001; OR 1.81, P = .003, respectively; Fig. 2 ). The average frequency of outpatient visits among patients cared for by the most experienced physicians (1.67 visits per month) was similar to the frequency observed among a national sample of HIV-infected patients during the same time period (1.73 visits per month). 6 Patients of the least experienced physicians received the lowest levels of pharmacy and laboratory services, while patients of moderately experienced physicians received the highest levels of ancillary services (P < .001; Table 3 ). Emergency room visits and long-term residential care were too infrequent to estimate the odds of delivery of these services among the study cohort.
Patients of the most experienced physicians had a median survival of 26.1 months from the time of clinical AIDS diagnosis, compared with 17.0 months for patients of moderately experienced physicians and 16.5 months for patients cared for by the least experienced physicians (P = .02). After controlling for disease severity, patients of the most experienced physicians who received infrequent primary care visits had a substantially lower risk of death than patients under their care who had more frequent primary care visits (HR = 0.15, P = .06; Table 5 ). There was a similar trend among patients who received infrequent primary care visits by moderately experienced physicians (HR = 0.66, P = .37), but no decrease in the risk of death among patients receiving infrequent care by the least experienced physicians (HR = 1.22, P = .72). Patients of the least experienced physicians who received infrequent primary care visits were 15.3 times more likely to die compared with patients who received the same level of care by the most experienced physicians (P = .02), and patients who received infrequent primary care by moderately experienced physicians were 6.9 times more likely to die than patients of the most experienced physicians (P = .08). Among patients receiving more frequent primary continuity care, those cared for by the least experienced physicians were 1.9 times more likely to die than patients of the most experienced physicians (P = .04), and patients of moderately experienced physicians had 1.6 times the risk of death (P = .06; Table 5 ). The rate of primary care visits and physician experience level were independent of severity of AIDS-defining diagnosis and CD4 cell count level in bivariate analyses. Specialty care, laboratory, radiology, and pharmacy utilization were not associated with survival among our study cohort after adjusting for other factors. Controlling for calendar time period and increasing physician experience level during the care of an individual patient did not affect the results (data not shown).
In 1996, prior to the introduction of highly active antiretroviral therapy (HAART), the total number of HIVinfected patients cared for in the study setting was 519. In 1999, after HAART was in general use in the study setting, 493 HIV-infected patients were in care. Examination of medical services provided to the total population of HIVinfected patients demonstrated a significant increase in the volume and intensity (mean monthly cost per patient) of primary care visits provided in 1999 compared with 1996, while the level of laboratory, radiology, pharmacy services (excluding antiretroviral medications), and hospital and home health/hospice care remained stable or declined between the 2 time periods (Table 4) .
DISCUSSION
The objective of this study was to determine whether patterns of medical care delivery by physicians with greater AIDS experience led to better outcomes among their patients. We found that patients of the most experienced physicians received twice the volume of ambulatory services including more frequent primary care visits and survived almost a year longer than patients of the least experienced physicians controlling for other factors. Closer outpatient follow-up by more experienced physicians provided the opportunity to diagnose acute illnesses earlier when less severe and institute more timely treatments. In addition, higher use of laboratory and pharmacy services meant that more experienced physicians could provide better monitoring of patients' stage of disease, leading to earlier screening for HIV-related conditions and interventions with prophylaxis against opportunistic infections, both of which lead to better outcomes. Patients of moderately experienced physicians had less frequent primary care visits but received more specialty care and ancillary services; however, this delivery pattern did not result in a survival benefit. These findings suggest that physicians with moderate experience lacked the knowledge to make appropriate decisions independently and relied on frequent referrals to specialists. In this generalist-based delivery system, specialty expertise provided an essential counterpart to primary care but did not substitute for greater AIDS experience among primary care physicians. Our results demonstrate that primary care delivery to HIV-infected patients in the era of HAART has increased significantly compared with the time period immediately before the introduction of HAART, while the level of other services has remained stable or declined. Thus, primary care is playing an even greater role in patient care in the current treatment environment. For primary care physicians, the complexity of HIV care and, in particular, decision making in regard to antiretroviral treatment has increased dramatically. Physicians with FIGURE 2. Adjusted odds ratio of primary care, specialty care, and no outpatient or inpatient care in a month according to physician experience level. greater HIV experience have been shown to provide more appropriate antiretroviral therapy and to adopt newer antiretroviral regimens earlier than less experienced physicians. 44 Because treatment for HIV infection is rapidly advancing, repeated delays in adoption of new therapies by less experienced physicians may significantly affect patient outcomes. Thus, physicians' experience in the care of persons with HIV infection has an even greater effect on clinical outcomes in the HAART era. Our findings suggest that physicians with greater experience delivered more care to the patients who needed it and less to the patients who did not. After controlling for differences in utilization of services, an effect of physician experience level on survival remained. Therefore, in addition to providing more appropriate levels of care, physicians with greater experience delivered care more effectively. The relation between utilization, physician experience level, and survival is complex. We addressed potential differences in case mix by adjusting for disease severity using several categorical measures including severity of AIDS-defining illness and CD4 cell count level. However, there are probably unmeasured differences in severity of illness within each category that confound the effect of utilization on survival. Patients who received the lowest level of primary care visits probably included patients with low disease severity for whom infrequent care was appropriate, and some for whom more frequent follow-up was needed to address greater severity of illness. Among this group of patients, we found an effect of utilization on survival attributable to failure of less experienced physicians to provide appropriate levels of care. We also found an effect of utilization on survival that varied by physician experience level among patients receiving higher frequency of primary care visits, probably due to most experienced physicians providing care more effectively to patients with higher disease severity.
We demonstrated by several methods that selective referral 45 did not contribute to the effect of physician experience level. 1 Furthermore, because we examined the changing performance of physicians as they went from treating a low volume of patients to treating a higher volume of patients, our results provide evidence for a causal direction in the volume±outcome relationship, 46 namely, that experience gained in caring for more patients leads to better outcomes. This study complements previous research on the relation between hospital service utilization and in-hospital mortality 28±32 by defining patterns of longitudinal services delivered to a cohort of patients throughout the course of disease that result in better long-term survival. We found no association between patients cared for by the same physician and their visit frequency and thus observed no systematic effect of patients on visit frequency that could have biased these results. Our findings may be specific to men who have male sexual contact as a risk factor for HIV transmission and who receive care in a generalist-based HMO. This study demonstrates the importance of appropriate utilization of services among primary care physicians managing patients with AIDS. Continuing medical education is the most common approach to improving expertise of generalist providers but has been shown to have no lasting effect on practice. 47 Conventional referral or consultation remains the dominant source of expert assistance in managed care as well as fee-for-service practice. 8 For a primary care physician, gaining experience may involve acquiring information through consultation with specialists and interacting effectively with consultants. However, some managed care plans limit specialty consultation as a way of controlling costs. 48 Our findings suggest that * Hazard ratios were adjusted for 1) disease severity at time of the diagnosis of AIDS measured by i) CD4 cell count and ii) severity of AIDS-defining illness; 2) time-varying hospital/hospice utilizationmeasuring increased severity during the sudy period; 3) physician experience level; 4) time-varying primary care visit utilization classified as infrequent or more frequent; and 5) interactions terms for physician experience level and visit frequency. y P = .06. z Denotes P < .05.
x Denotes P = .08.
CI, confidence interval; HR, hazard ratio. 
